We analyzed a series of adults with an implanted voice prosthesis that had malfunctioned and required removal as a result of the attachment and growth of microorganisms. Our goal was to determine the characteristics of these colonizing microbes. We swabbed the esophageal side of each prosthesis to obtain microbial flora for analysis with standard culture media. In all, we studied 22 prostheses in 18 patients (3 patients had received multiple prostheses). We found mixed contamination (both yeast and bacteria) in 19 of the 22 cultures (86.4%); the other 3 cultures yielded bacteria only, and there was no instance of yeast only. The most common yeast isolated was Candida albicans (68.2% of cultures), and the most common bacterium was Pseudomonas aeruginosa (63.6%). The average lifetime of the prostheses was 201 days (~6 mo, 3 wk). This study, which was the first of its kind in India, revealed that the microbial picture here was different from that found in previously reported studies of European populations. We presume the differences are attributable to different lifestyles and dietary habits.
Introduction
Voice rehabilitation in a laryngectomized patient can be achieved in a variety of ways, but the best voice quality is achieved by placing a prosthesis through a tracheoesophageal puncture (TEP). 1 Objectively, TEP speech is much superior to esophageal speech and artificial-larynx speech, and success rates have been reported to be as high as 90%. 2, 3 However, the utility of the implanted voice prosthesis is often hampered by the attachment and growth of biofilms (figure), which can degrade the silicone structure and lead to a malfunction in the form of leakage through the prosthesis and an increase in airflow resistance. 4, 5 A shortened lifetime of a damaged prosthesis is burdensome, not only in terms of replacement costs, but also quality of life.
We conducted a study to analyze the composition of Figure. Biofilm formation is seen on the esophageal flange of a malfunctioning voice prosthesis.
colonizing microorganisms that had grown on Blom-Singer voice prostheses and caused them to malfunction. This study is the first of its kind in India, where voice rehabilitation with a prosthesis is considered a privilege and where maximizing the lifetime of such a device is important.
Patients and methods
Over a period of 1 year, we studied the cases of 18 patients-14 men and 4 women, aged 36 to 78 years (mean: 56.9)-who underwent removal of a total of 22 Blom-Singer indwelling low-pressure voice prostheses that had developed a malfunction (3 of these patients had received more than one prosthesis). The malfunctions involved leakage through the prosthesis or an increase in airflow resistance. All of these patients had been previously laryngectomized as part of their treatment for glottic or supraglottic cancer. Thirteen of these patients had received postoperative radiotherapy for nodal metastasis (table 1) . All but 1 patient had been treated with primary TEP. As soon as the malfunctioning devices were removed, they were placed in a tryptic soy broth and kept in this enrichment medium for 24 hours. Then, specimens for culture were obtained by swabbing a device's esophageal flange. The samples were cultured on agar plates (blood agar, chocolate agar, MacConkey agar, and Saboraud dextrose agar) and in Robertson cooked-meat medium at 37°C for 48 hours. After pure fungal and bacterial cultures were obtained, the yeast strains were identified by growing them on cornmeal agar; they were then subjected to a slide culture and to carbohydrate fermentation and assimilation tests. The bacteria were identified by light microscopy and Gram staining.
We also calculated the number of days that each device had been in place before it was removed. The lifetime of the voice prostheses ranged from 64 to 257 days (mean: 201 [~6 mo, 3 wk]). The average lifetime of the devices was shorter in those patients who had received radiotherapy (192 days) than in those who had not (231 days). Three patients required replacements during the study year. One of them (patient 8) experienced an accidental extrusion of his prosthesis and required a secondary TEP to close the fistula (table 1) .
Discussion
Biofilm is an assembly of microorganisms and extracellular polymeric substances in a defined architecture that provides an optimal environment for growth and exchange of genetic material between cells. 6 Biofilm formation with various strains of yeasts and bacteria commences immediately upon the placement of a voice prosthesis in the tracheoesophageal fistula. The unsterile environment of the neopharynx combined with the presence of a tracheostoma creates an ideal milieu in which microorganisms can adhere to the surface of a prosthesis.
Several studies have been conducted to determine the exact composition of biofilms on voice prostheses. [4] [5] [6] [7] [8] [9] The yeasts that have consistently been isolated are C albicans and C tropicalis, and the common bacteria have been S aureus, Rothia dentocariosa, Streptococcus mitis, Streptococcus salivarius, and Escherichia coli. 4, 7, 8 The exact mechanism of biofilm formation on voice prostheses is not yet fully understood.
In our study, we isolated both yeasts and bacteria. We observed no cases of yeast-only contamination; concomitant bacterial contamination was present in every case, a finding that is not consistent with the results of some European studies in which Candida spp predominated in culture isolates of failed devices. 7, 8 In 3 of our patients, no yeast at all was isolated. Still, Candida spp, primarily C albicans, were isolated in 19 of the 22 cultures (86.4%).
As mentioned, at least 1 bacterium was present in every culture. The most common was P aeruginosa, which was found in 14 cases (63.6%). Palmer et al found that 50% of Blom-Singer prostheses that failed within 60 days of implantation contained S aureus on the esophageal flanges, the shaft, and the tracheal side of the prosthesis. 9 We found S aureus in 31.8% of our cases. Staphylococci have been found to adhere to silicone surfaces and cause their degradation. 10 The fact that we isolated P aeruginosa in the cultures rules out the possibility that it was acquired during prosthesis explantation. Pseudomonas spp are known to form biofilms, but it is not known if they can degrade silicone rubber.
It is interesting that over the course of 1 year, only 2 patients required an initial replacement prosthesis within 150 days (5 mo) of implantation. The average lifetime of the voice prostheses in our study was just under 7 months. On the Indian subcontinent, consumption of dairy products in the form of yogurt and buttermilk is widely prevalent. There is some anecdotal evidence that consumption of yogurt reduces biofilm formation on indwelling prostheses, possibly due to the presence of Streptococcus thermophilus and Lactobacillus. [11] [12] [13] Buttermilk is rich in lactoferrin, which has bactericidal and fungicidal activity against a number of oral pathogenic organisms, including C albicans, Actinobacillus actinomycetemcomitans, and Streptococcus mutans. [14] [15] [16] [17] [18] This may explain the relatively prolonged lifetime of the prostheses and the varied microbial colonization in our study.
In conclusion, our study of laryngectomized patients in India revealed a picture of microbial flora that is different from what has been previously reported in European populations with different lifestyles and dietary habits. Further studies are warranted on a large scale to corrobo-rate our findings and to determine efficacious methods of prolonging the usable lifetime of voice prostheses.
